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ABSTRACT 


Aim of the work: this study aimed to detect the histological and histochemical changes in liver tissue of 
pregnant rats and their fetuses after treatment with carisoprodol. Material and methods: thirty pregnant female 
rats were randomly categorized into three groups (ten pregnant female rats in each group). The first was 
administered oral doses of distilled water and was served as control. The other two groups were administered 
oral doses of carisoprodol in the distilled water equivalent to 10.8 mg and 21.6 mg/100g body weight/day 
respectively for 15 days from the 6" day to the 20" day of gestation. Numerous histological and histochemical 
studies were done to detect the histopathological and histochemical changes. Results: maternal and fetal liver 
tissue of both treated groups showed lots of degenerative changes post-treatment with carisoprodol. The 
severity of these changes was more obvious in fetal liver tissue of both groups this was accompanied with 
numerous histochemical changes. Conclusion: treatment of pregnant rats with carisoprodol led to numerous 


dystrophic changes in maternal and fetal liver tissue. 
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INTRODUCTION 

Carisoprodol (N-isopropyl-2 methyl-2- 
propyl-1,3-propanediol dicarbamate; N-isopropyl- 
meprobamate) is a commonly prescribed centrally 
acting skeletal muscle relaxant indicated as adjunct 
therapy to rest, physic therapy and other measures 
for the relief of discomfort related to painful 
musculoskeletal conditions in adults ®. 
The drug is widely used in primary care settings. 
Carisoprodol compound is marketed under a variety 
of brand names such as Somadril, Soma, Somalgit, 
Vanadam, Sodol, Carisoma, Sonoma, Somacid, 
Scutamil C, Relacton-C, Mio Relax, Relaxibys, Rela 


and Soridol ®. 
Carisoprodol (molecular formula 
Cy2H24N20z, molecular weight 260.33g 


mol') is a white crystalline powder that has a mild 
characteristic odor and a bitter taste. Carisoprodol 
begins to act within 30 minutes of oral ingestion and 
has a half-life of approximately 1.5 hours. Adverse 
effects of carisoprodol mainly involve the central 
nervous system (CNS) and include drowsiness, 
dizziness, ataxia, tremor, blurred vision and 
headache ®. Carisoprodol is converted to three 
primary metabolites in the liver: hydroxyl 
carisoprodol, hydroxyl meprobamate and 
meprobamate ®, which are excreted by the kidneys 
“ The exact mechanism of action of carisoprodol is 
unknown, but the drug is thought to act centrally by 
causing sedation rather than by direct skeletal 
muscle relaxation; it may act by inhibiting 
interneuron transmission in the descending reticular 
formation and spinalcord ®©. A part of the apparent 
effect of carisoprodol may be due to the 
meprobamate metabolite which has a half-life of 
approximately 11 hours (Although this may be 
prolonged to up to 48 hours with chronic usage) . 
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There is an evidence that meprobamate produces its 
clinical effects by barbiturate like activating activity 
at GABAA receptors {The GABA receptors are a 
class of receptors that respond to the neuro- 
transmitter gamma-amino butyric acid} ®. A 
research had showed that carisoprodol itself may 
activate GABAA receptors independent of the action 
of meprobamate ®. How much of the clinical effect 
observed in a patient taking carisoprodol is due to 
carisoprodol alone and how much is contributed by 
the meprobamate metabolite is not currently known. 
In Egypt, carisoprodol is available as somadril 
compound which contains carisoprodol 200mg, 
paracetamol 160mg and caffeine 32mg. It is a 
prescribed drug produced by Mina Pharm for 
pharmaceutical regulations by the decision of the 
Minister of Health and Population No.172 of the 
year 2011, while meprobamate the active metabolite 
of carisoprodol © is a schedule 111 controlled 
substance on Anti-drug law No. 182 of the year 
1960. Carisoprodol has a narrow therapeutic range 
CO and when carisoprodol is ingested with other 
medications it may be a contributing factor in death, 
even when present at therapeutic concentrations “. 
Paracetamol (Acetaminophen) is widely used over 
the counter drug for analgesic and antipyretic 
effects. Its use in suicidal or accidental or with 
chronic alcohol abuse causes fulminant liver failure 
(d Paracetamol induced hepatic failure is the 
second leading cause of liver transplantation ©”. 
Caffeine is a central nervous system and metabolic 
stimulant and is used both recreationally and 
medically to reduce physical fatigue and to restore 
alertness when drowsiness occurs “®. Caffeine 
overdose can result in a state of central nervous 
system over-stimulation called caffeine intoxication 
“> Liver injury caused by toxic chemicals and 


DOI: 10.12816/0045310 


Maternal and Fetal Toxicity of Carisoprodol 


certain drugs has been recognized as a toxicological 
problem. Hepatotoxicity is one of a very common 
aliment resulting into serious changes ranging from 
severe metabolic disorders to even mortality “®. 

Carisoprodol (Somadril compound) is a 
muscle relaxant antispasmodic that indicated for the 
relief of discomfort associated with acute, painful 
musculoskeletal conditions in adults “”. No 
available researches were obtained which concer- 
ning the histological and histochemical changes in 
the mammalian tissues post-Somadril treatment. 
This work aimed to study the effect of carisoprodol 
compound drug on the maternal and fetal liver of 
Albino rats. 


MATERIAL and METHODS 


Drug 

Carisoprodol compound: carisoprodol 
tablets (Somadril compound) is indicated for the 
relief of discomfort associated with acute, painful 
musculoskeletal conditions in adults. Carisoprodol 
compound drug was obtained as tablets of a 
combination product containing carisoprodol 
200mg, paracetamol 160mg and caffeine 32mg, it is 
obtained from Mina Pharm for Pharmaceuticals and 
Chemical Industries, Cairo, A.R.E. 


Animals 

Adult Sprague Dawley male and female 
albino rats were used in this experiment, with 
average weight 150- 200g. They were taken from the 
Animal House of El-Nasr Pharmaceutical Chemicals 
Co. Animals were caged separately, males in cages 
and females in others. All rats were housed in a quite 
non-stressful environment for one week before 
beginning the present study. 
They were offered normal rat chows and water ad 
libitum during the experimental period. Female rats 
were mated in the proportion of 2 females for one 
male overnight. Each morning a vaginal smear was 
taken to check for the presence of sperms or plug in 
the vagina. Zero day of pregnancy was considered to 
be the day on which Sperms or plug were found in 
the vagina. Thirty pregnant female rats were 
randomly categorized into three groups (ten pregnant 
female rats in each group). The first was 
administered oral doses of distilled water and was 
served as control. The other two groups (S1 and S2) 
were administered oral doses of carisoprodol in the 
distilled water equivalent to 10.8 mg and 21.6 
mg/100g body weight/day respectively for 15 days 
from the 6" day to the 20" day of gestation. 
The dose for rats was calculated according to the 
method Paget and Barnes “® formula on the basis 
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of the human dose. All groups were sacrificed after 4 
hours from the last drug administration. 
Histopathological examination 

All pregnant rats were sacrificed and small 
pieces of placenta and liver from mothers and their 
fetuses were picked out, rinsed in formalin (10%) 
and Bouin's solution for the histological and 
histochemical purposes. Sections of placenta and 
liver form mothers and their fetuses were prepared 
and stained with hematoxylin and eosin stain 
according to the method reported by Bancroft and 
Gamble “”. Total proteins were detected by using 
mercuric bromophenol blue method , 
polysaccharides were detected by using periodic acid 
Schiffs (PAS) reagent °" and collagen fibres were 
stained by using Mallory's trichrome stain method 
Cd, Amyloid protein was detected by Congo red 
technique °?, DNA was detected by using Feulgen 
reaction“, 


Statistical analysis 

Statistical analyses were performed using 
analyses of variance (ANOVA) according to the 
method Jaeger “”. The data were processed and 
analyzed using the SPSS software (Statistical 
Analysis for Social Science, Version 8). Significant 
differences between treatment means were 
determined by student T-test. Data were presented as 
mean+SE and P < 0.05 was considered statistically 
significant. 





RESULTS 


Results of the pregnant rats 

Fig.1 showed cords of hepatocytes which were 
surrounding the central vein in the hepatic tissue of a 
control pregnant rat with sinusoidal spaces in 
between the hepatocytes and Kupffer cells. Figures 
2-6 showed numerous degenerative changes in liver 
tissue of pregnant rats of group S1.These changes 
included: highly congested and dilated central veins 
and blood sinusoids, hemosiderin granules and 
hemolysed blood cells inside the hepatic portal 
veins, highly thickened arterial walls in the portal 
areas, highly distorted portal areas, some 
hepatocytes were vacuolated and contained pyknotic 
or karyolytic nuclei. Liver tissue of pregnant rats of 
group S2 (Figures 7-9) showed many dystrophic 
changes. These changes included: delaminated 
endothelial lining of the central veins, vacuolated 
hepatocytes with pyknotic nuclei, highly elongated 
and distorted walls of the bile ducts, large 
hemorrhagic areas and numerous fibroblasts in the 
portal areas. 
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Thin collagen fibers were supporting walls of 
hepatocytes, blood vessels, blood sinusoids of the 
liver tissue of a control pregnant rat (Fig.10). Highly 
increased collagen fibers were detected in liver 
tissue of pregnant rats of group S1 (Figures 11-13) 
especially in walls of the bile ducts, blood vessels, 
hepatocytes and in the distorted portal areas with 
brightly red stained hemorrhagic areas and 
aggregated RBCs in the congested blood sinusoids. 
Also, highly increased collagen fibers were detected 
in liver tissue of pregnant rats of group S2 (Figures 
14&15). 


Fig.16 showed moderately stained total 
protein in liver tissue of a control pregnant rat. 
Figures 17&18 showed decreased total protein in 
liver tissue of rats of group S1; optical density 
reached 0.5340.06 in comparison with the control 
group (0.85 +0.08).Also, reduced total protein was 
detected in liver tissue of group S2, but increased 
staining affinity was realized in blood cells inside 
the congested hepatic portal vein and walls of the 
bile ducts (Figures 19&20). Optical density reached 
0.44+0.03 (Tablel and fig. 21). 


Fig. 22: showed normal distribution of 
polysaccharides in the liver tissue of the control 
pregnant rat. Figures 23&24 showed reduced 
polysaccharides in the liver tissue of rats of group 
S1; optical density reached 0.27+0.02 in comparison 
with the control group (0.70+0.06). Also, highly 
depleted PAS+ve materials were realized in most 
hepatocytes of the liver tissue of group S2 (Figures 
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25&26). Optical density reached 0.35+0.02 in 
comparison with the control group (Table2 and 
fig.27). Fig.28 showed faintly stained amyloid-B 
protein in liver tissue of a control pregnant rat. 

Figures 29&30 showed increased amyloid 
deposits in liver tissue of S1 group especially in 
hepatocytes of the cortical region, in the delaminated 
epithelial lining of the hepatic portal vein, in the 
arterial wall, in walls of the bile ducts and inside the 
blood vessels; optical density reached 1.00+0.11 in 
comparison with the control group (0.21+0.01). 
Also, deeply stained amyloid deposits were observed 
in most hepatocytes of the portal and central areas, 
inside the congested artery, in walls of the bile ducts 
and blood vessels of the liver tissue of group S2 
(Figures 31&32) optical density reached 1.16+0.11 
in comparison with the control group (Table3 and 
fig.33). 


Fig. 34 showed moderately stained nuclei of 
hepatocytes in liver tissue of a control pregnant rat 
stained with Feulgen reaction to detect DNA 
materials. Figures 35&36 showed highly reduced 
DNA materials in most nuclei of hepatocytes, in the 
central and portal areas in the liver tissue of pregnant 
rats of group S1; optical density reached 0.16+0.02 
in comparison with the control group (0.83+0.03). 
Also, decreased DNA materials were realized in 
most nuclei of hepatocytes, in the central and portal 
areas in the liver tissue of pregnant rats of group S2 
(Figures 37&38) optical density reached 0.31+0.02 
in comparison with the control group (Table4 and 
fig.39). 
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Figures 1-9: photomicrographs of liver tissue of the pregnant rats of the control and treated groups stained 
with hematoxylin and eosin. 

Fig.1: showing cords of hepatocytes which are surrounding the central vein and sinusoidal spaces in between 
them in liver of a control rat. (X100) 
Figures 2-6 (S1): showing liver tissue of pregnant rats of group S1 stained with hematoxylin and eosin. 
Figures 2-4: showing highly dilated and congested central vein (cv), delaminated endothelial lining of the 
central vein (q)), numerous hemorrhagic areas (h), highly dilated and congested blood sinusoids (>) with 
numerous darkly stained nuclei of hepatocytes (Pyknotic, p) of the liver tissue of Slgroup. Notice: 
hemolysed blood cells and hemosiderin granules inside the dilated and congested hepatic portal vein (hpv). 


(X200) 
Fig.5: showing numerous pyknotic nuclei of hepatocytes (p), highly distorted portal area which contains 
highly thickened arterial wall and highly destructed walls of the bile ducts (>). (X200) 


Fig.6: showing numerous degenerative changes in the cortical hepatocytes and highly dilated sinusoidal 
spaces (>). Notice: pyknosis (p) and karyolysis (k) in some nuclei of hepatocytes with numerous 
vacuolated hepatocytes. (X200) 


2325 


Magdy H. Abouel-Magd 





Figures 7-9 (S2): photomicrographs of liver tissue of the pregnant rats of group S2 stained with hematoxylin 
and eosin 

Fig.7: showing delaminated endothelial lining of the central vein (C V), which contains hemolysed blood 
cells ( = ), numerous pyknotic (p) or karyolytic (k) nuclei of hepatocytes with highly dilated sinusoidal 
spaces (S). (X250) 
Fig.8: showing highly distorted portal area which contains distorted hepatic portal vein (hpv), the bile ducts 
lost their normal architecture with lymphocytic infiltration (=) and appearance of some vacuolated 


hepatocytes which contain pyknotic nuclei (p). (X250) 
Fig.9: showing large hemorrhagic area (h), which is surrounded by numerous fibroblasts (ẹ) with numerous 
degenerated hepatocytes (d) especially under the capsule. (X250) 
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Figures 10-15: photomicrographs of the liver tissue of the control and treated groups stained with Mallory's 
trichrome stain for detection of collagen fibres. 

Fig.10: showing thin bundles of collagen fibers support walls of hepatocytes, blood sinusoids and walls of 
the blood vessels in the liver tissue of a control rat. (X200) 
Figures 11-13 (S1): showing highly increased collagen fibres in the liver tissue of S1 group especially in the 
hepatocytes, walls of the blood vessels (bv), bile ducts and in the portal areas. Notice: brightly red stained 
hemorrhagic areas and aggregated RBCs in the congested blood sinusoids (S), especially in the cortical 
regions. (11&12X200 &13X100) 
Figures 14&15 (S2): showing highly increased collagen fibres in the liver tissue of S2 group especially in 
and around the congested central vein, in the portal area and in walls of the hepatocytes (h). Notice: brightly 
red stained blood cells in the congested blood vessels and the congested blood sinusoids. (X200) 
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Figures 16-20: photomicrographs of the liver tissue of the control and treated groups of the pregnant rats 
showing total protein stained with mercuric bromophenol blue. 
Fig.16: showing moderately stained total protein content in the liver tissue of the control pregnant rat. 
(X200) 
Figures 17&18 (S1): showing reduced staining affinity of total protein in some hepatocytes of the central 
and portal areas of S1 group. Notice: numerous faintly stained hepatocytes in the cortical region. 
(X200) 
Figures 19&20 (S2): showing decreased staining affinity of total protein in most hepatocytes of the central 
and portal areas of S2 group, but blood cells inside the hepatic portal vein, walls of bile ducts (bd) acquire 
increased staining affinity. Notice: moderately to faintly stained total protein in the delaminated epithelial 
lining of the central vein (CV). (X200) 
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Table 1: showing total protein content in the liver tissue of the control and all treated groups of the pregnant 
rats 






































Total protein materials 
Organ 
Experimental groups Liver 
M + SD 
C 0.85+0.08 
S1 0.53+0.06 
S2 0.44+0.03* 























-Each value represents the mean (M) + standard deviation (SD). 
-* Significant difference from the control at P < 0.05. 
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Fig.21: showing mean values of optical density of total protein content relative to the control value. 
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Figures 22-26: photomicrographs of the liver tissue of the control and treated groups of pregnant rats 
showing distribution of PAS+ve materials. 
Fig.22: showing normal distribution of polysaccharides in the liver tissue of the control pregnant rat. 

(X100) 
Figures 23&24 (S1): showing reduced staining affinity of PAS+ve materials in the liver tissue of S1 group 
especially in most hepatocytes of the central and portal areas, but the delaminated epithelial lining of the 
hepatic portal vein (hpv), the highly thickened arterial wall (a) and damaged blood cells inside the hepatic 
portal vein (hpv) and the central vein (CV) show increased staining affinity. (X200) 
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Figures 25&26 (S2): showing highly depleted PAS+ve materials in most hepatocytes of the liver tissue of 
S2 group, but walls of the bile ducts, arterial walls, walls of the branches of the hepatic portal veins and the 
large hemorrhagic area acquire increased staining affinity. (X 400) 


Table 2: showing PAS+ve materials in the liver tissue of the control and all treated groups of the pregnant 
rats 






































PAS+ve materials 
Organ 
Experimental groups Liver 
M+SD 
C 0.70+0.06 
S1 0.27+0.02* 
s2 0.35+0.02* 























-Each value represents the mean (M) + standard deviation (SD). 
-* Significant difference from the control at P < 0.05. 
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Fig.27: showing mean values of PAS+ve materials relative to the control value. 
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Figures 28-32: photomicrographs of the liver tissue of the control and treated groups of pregnant rats 
showing distribution of amyloid-f protein stained with Congo red stain. 
Fig.28: showing faintly stained amyloid-f protein in the liver tissue of the control pregnant rat. 

(X200) 
Figures 29&30 (S1): showing increased amyloid deposits in liver tissue of S1 group especially in the 
hepatocytes of the cortical region, in the delaminated epithelial lining of the hepatic portal vein (hpv), in the 
arterial wall (a), in walls of the bile ducts and inside the blood vessels. (X200) 
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Figures 31&32 (S2): showing deeply stained amyloid deposits in most hepatocytes of the portal and central 
areas, inside the congested artery, in walls of bile ducts and blood vessels of the liver tissue of S2 group. 
(X200) 


Table 3: showing amyloid—f protein in the liver tissue of the control and all the treated groups of the 
pregnant 






































Amyloid — ß protein 
Organ 
Experimental groups Liver 
M+SD 
c 0.21+0.01 
S1 1.00+0.11* 
s2 1.16+0.11* 























-Each value represents the mean (M) + standard deviation (SD). 
-* Significant difference from the control at P < 0.05 
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Fig.33: showing mean values of amyloid-f protein relative to the control value. 
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Figures 34-38: photomicrographs of the liver tissue of the control and treated groups of a pregnant rat 
stained with Feulgen reaction to detect DNA materials. 
Fig. 34: showing moderately stained nuclei of hepatocytes in the liver tissue of a control pregnant rat. 

(X200) 
Figures 35&36 (S1): showing highly reduced DNA materials in most nuclei of hepatocytes, in the central 
and portal areas of the liver tissue of S1 group. Notice: lots of darkly stained hemosiderin granules ( ==> ). 


(X200) 
Figures 37&38 (S2): showing decreased DNA materials in most hepatocytes of the central and portal areas 
of liver tissue of S2 group. (37 X400 & 38 X250) 
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Table 4: showing DNA content in the liver tissue of the control and all the treated groups of pregnant rats. 



































DNA content 
Organ 
Experimental groups Liver 
M+SD 
C 0.83+0.03 
S1 0.16+0.02* 
s2 0.31+0.02* 























-Each value represents the mean (M) + standard deviation (SD). 
-* Significant difference from the control at P < 0.05. 
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Fig.39: mean values of DNA content relative to the control value. 


Results of the fetuses 

Fig.40 showed fetal liver tissue of the 
control group. The central vein was surrounded by 
hepatocytes and sinusoidal spaces in between the 
hepatocytes and Kupffer cells were detected. 
Fig.41 showed highly dilated and congested 
central vein which contained hemolysed blood 
cells, pyknotic nuclei of hepatocytes and with 
numerous necrotic area of group S1. Fig.42 
showed completely hemolysed blood cells in the 
highly congested central veins and inside the 
congested sinusoidal spaces with hemosiderin 
granules in between the hepatocytes. Fig.43 
showed highly dilated sinusoidal spaces, which 
contained debris of degenerated blood cells and 
pyknotic nuclei of the megakaryocytes of liver 
tissue of group Si. Figures 44-47 showed 
numerous dystrophic changes in the fetal liver 
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tissue of group S2. These changes included: large 
and small hemorrhagic areas, highly dilated and 
congested blood vessels, lots of megakaryocytes, 
numerous degenerated hepatocytes which were 
replaced by wide necrotic areas. The liver tissue 
was surrounded by large edematous area. 

Fig.48 showed thin bundles of collagen 
fibers which supported walls of hepatocytes, 
blood sinusoids and walls of the blood vessel in 
the fetal liver tissue of a control rat which stained 
with Mallory's trichrome stain for detection of 
collagen fibers. Fig.49 showing highly increased 
collagen fibers in the dilated central vein and 
sinusoidal spaces and also in between the 
hepatocytes of liver tissue of group S1. Figures 
50&51 showed increased collagen fibers in the 
sinusoidal spaces with brightly red stained red 
blood cells in the highly dilated and congested 
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blood sinusoidal spaces. Fetal liver tissue of 
group S2 (Figures 52-55) showed highly 
increased collagen fibers inside and outside the 
blood vessels, in the necrotic areas and in the 
megakaryocytes. Notice: brightly red stained 
blood cells in the numerous hemorrhagic areas 
and inside the dilated sinusoidal spaces. 

Fig.56 showed moderately stained total 
protein in the fetal liver tissue of the control 
group. Liver tissue of group S1 (Figures 57&58) 
showed decreased staining affinity of total protein 
in the hepatocytes, hemolysed blood cells inside 
the central vein, the sinusoidal spaces and 
megakaryocytes. Optical density reached 
0.51+0.04 in comparison with the control group 
(1.08+0.14). Liver tissue of group S2 Figures 59 
showed moderately stained total protein in the 
hepatocytes, but hemolysed blood cells in the 
dilated and congested central vein which acquired 
deep staining affinity. Optical density reached 
0.49+0.05 in comparison with the control group 
(Table5 and fig.60). 

Fig.61 showed normal distribution of 
polysaccharides in the fetal liver tissue of the 
control group. Figures 62&63 showed moderate 
staining affinity in most hepatocytes of liver tissue 
of S1 group, increased red blood cells inside the 
congested blood vessels and sinusoidal spaces and 
also in the hemorrhagic areas; optical density 
reached 0.28+0.01 in comparison with the control 
group (0.14+0.01). Fig.64 showed moderately 
stained PAS+ve materials in the hepatocytes of 
liver tissue of S2 group with increased staining 
affinity in the megakaryocytes. Notice: faintly 
stained hemolysed blood cells inside the blood 
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vessels, in the hemorrhagic areas and in the blood 
sinusoids, but deeply stained hemosiderin 
granules were observed; optical density reached 
0.52+0.05 in comparison with the control group 
(Table6 and fig.65). 

Fig.66 showed faintly stained amyloid—B 
protein (Congo red stain) in the fetal liver tissue 
of the control group. Figures 67&68 showed 
increased staining affinity of amyloid protein in 
most hepatocytes, blood cells and also in the 
hemolysed blood cells of the fetal liver tissue of 
group S1; optical density reached 0.96+0.07 in 
comparison with the control group (0.11+0.01). 
Fig.69 showed highly increased amyloid deposits 
in liver tissue of group S2 especially in the 
hepatocytes, blood vessels and in the necrotic 
areas of the fetal liver tissue; optical density 
reached 1.03+40.13 in comparison with the control 
group (Table7 and fig.70). 

Fig.71 showed moderately stained nuclei 
of hepatocytes in the fetal liver tissue of a control 
group stained with Feulgen reaction to detect 
DNA materials. Figures 72&73 showed highly 
reduced staining affinity of DNA materials in 
most hepatocytes and megakaryocytes of fetal 
liver tissue of group S1. Notice: black stained 
hemosiderin granules; optical density reached 
0.20+0.01 in comparison with the control group 
(0.30+0.02). Fig.74 showed poorly to moderately 
stained DNA materials in nuclei of hepatocytes of 
the fetal liver tissue of group S2. Notice: black 
stained hemosiderin granules; optical density 
reached 0.24+0.01 in comparison with the control 
group (Table8 and fig.75). 


Maternal and Fetal Toxicity of Carisoprodol 





Figures 40-47: photomicrographs of fetal liver tissue of the control and treated groups (S1&S2) stained with 


hematoxylin and eosin. 
Fig.40: showing fetal liver tissue of the control group. Notice: the central vein (CV) which is surrounded by 


hepatocytes and sinusoidal spaces. (X200) 
Fig.41 (S1): showing highly dilated and congested central vein (CV) which contains hemolysed blood cells, 
pyknotic nuclei of hepatocytes (P) and hematopoietic cells with numerous necrotic area (n). (X200) 


Fig.42 (S1): showing completely hemolysed blood cells in the highly congested central veins (CV) and 
inside the congested sinusoidal spaces (S). Notice: hemosiderin granules (m: ) in between the hepatocytes. 


(X250) 
Fig.43 (S1): showing highly dilated sinusoidal spaces (S) which contain debris of degenerated blood cells 
and pyknotic nuclei of the megakaryocytes (P). (X250) 


Figures 44-47 (S2): showing numerous dystrophic changes in the fetal liver tissue. These changes include: 
large and small hemorrhagic areas (h), highly dilated and congested blood vessels (bv), megakaryocytes (m). 
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The liver tissue is surrounded by large edamatous area (e), numerous degenerated hepatocytes which are 
replaced by wide necrotic areas (n). (44&45 X200 & 46&47 X250) 
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Figures 48-55: photomicrographs of fetal liver tissue of the control and treated groups (S1&S82) stained with 
Mallory's trichrome stain for detection of collagen fibres. 

Fig.48: showing thin bundles of collagen fibers support walls of hepatocytes, blood sinusoids and walls of 
the blood vessel in the fetal liver tissue of a control rat. (X200) 
Fig.49 (S1): showing highly increased collagen fibres in the dilated central vein (CV) and sinusoidal spaces 
(s) and in between the hepatocytes. (X250) 
Figures 50&51 (S1): showing increased collagen fibres in the sinusoidal spaces. Notice: red brightly stained 
red blood cells in the highly dilated and congested blood sinusoidal spaces (s). (X200) 
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Figures 52-55 (S2): showing highly increased collagen fibres inside and outside the blood vessels (bv), in 
the necrotic areas and in the megakaryocytes (m). Notice: red brightly stained blood cells in the numerous 
hemorrhagic areas (h) and inside the dilated sinusoidal spaces. (X200) 
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Figures 56-59: photomicrographs of fetal liver tissue of the control and treated groups (S1&S2) showing 
total protein stained with mercuric bromophenol blue. 
Fig.56: showing moderately stained total protein content in the fetal liver tissue of the control group. 


(X200) 
Figures 57&58 (S1): showing decreased staining affinity of total protein in the hepatocytes, hemolysed 
blood cells inside the central vein (CV), the sinusoidal spaces and megakaryocytes (m). (X250) 
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Fig.59 (S2): showing moderately stained total protein in the hepatocytes, but hemolysed blood cells in the 
dilated and congested central vein (CV) acquire deep staining affinity. (X200) 


Table 5: showing total protein content in the fetal liver tissue of the control and all treated groups. 












































Total protein materials 
Organ 
Experimental groups Liver 
M + SD 
C 1.08+0.14 
S1 0.51+0.04* 
S2 0.49+0.05* 

















-Each value represents the mean (M) + standard deviation (SD). 
-* Significant difference from the control at P < 0.05. 
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Fig.60: showing mean values of optical density of total protein content relative to the control value. 
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Figures 61-64: photomicrographs of the fetal liver tissue of the control and treated groups (S1&S2) showing 
distribution of PAS+ve materials. 
Fig.61: showing normal distribution of polysaccharides in the fetal liver tissue of the control group. 
(X250) 
Figures 62&63 (S1): showing moderate staining affinity in most hepatocytes of Slgroup, red blood cells 
inside the congested blood vessels(bv) and sinusoidal spaces and also in the hemorrhagic areas (ma ). 
(X200) 
Fig.64 (S2): showing moderately stained PAS+ve materials in the hepatocytes with increased staining 
affinity in the megakaryocytes (m). Notice: faintly stained hemolysed blood cells inside the blood vessels, in 
the hemorrhagic areas (h) and in the blood sinusoids. Notice: deeply stained hemosiderin granules (mz). 
(X250) 
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Table 6: showing PAS+ve materials in the fetal liver tissue of the control and all treated groups. 



































PAS+ve materials 
Organ 
Experimental groups Liver 
M+SD 
c 0.14+0.01 
S1 0.28+0.01* 
s2 0.52+0.05* 























-Each value represents the mean (M) + standard deviation (SD). 
-* Significant difference from the control at P < 0.05. 
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Fig.65: showing mean values of PAS+ve materials relative to the control value. 
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Figures 66-69: photomicrographs of fetal liver tissue of the control and treated groups (S1&S2) showing 
distribution of amyloid—B protein stained with Congo red stain. 
Fig.66: showing faintly stained amyloid—f protein in fetal liver tissue of the control group. 

(X200) 
Figures 67&68 (S1): showing increased staining affinity of amyloid protein in most hepatocytes, blood cells 
and also in the hemolysed blood cells of the fetal liver tissue of Slgroup. 


(67X200 & 68X250) 
Fig.69 (S2): showing highly increased amyloid deposits in the hepatocytes, blood vessels and in the necrotic 
areas of the fetal liver tissue of S2 group. (X200) 
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Table 7: showing amyloid-f protein in fetal liver tissue of the control and all the treated groups. 



































Amyloid — ß protein 
Organ 
Experimental groups Liver 
M+SD 
c 0.11+0.01 
S1 0.96+0.07* 
s2 1.03+0.13* 























-Each value represents the mean (M) + standard deviation (SD). 
-* Significant difference from the control at P < 0.05. 
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Fig.70: showing mean values of amyloid-f protein relative to the control value. 
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Figures 71-74: photomicrographs of fetal liver tissue of the control and treated groups (S1&S2) stained with 
Feulgen reaction to detect DNA materials. 
Fig.71: showing moderately stained nuclei of hepatocytes in the fetal liver tissue of a control group. 

(X200) 
Figures 72&73 (S1): showing highly reduced staining affinity of DNA materials in most hepatocytes and 
megakaryocytes of fetal liver tissue of S1group. Notice: black stained hemosiderin granules. 


(X250) 
Fig.7 (S2): showing poorly to moderately stained DNA materials in nuclei of hepatocytes of the fetal liver 
tissue of S2 group. Notice: black stained hemosiderin granules ( ). (X250) 
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Table 8: showing DNA content in fetal liver tissue of the control and all the treated groups. 






































DNA content 
Organ 
Experimental groups Liver 
M+SD 
C 0.30+0.02 
S1 0.20+0.01* 
S2 0.24+0.01* 























-Each value represents the mean (M) + standard deviation (SD). 
-* Significant difference from the control at P < 0.05. 
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Fig.75: Mean values of DNA content relative to the control value. 


DISCUSSION 

Liver is a very important organ for 
healthy and life of mammals. Reason for selection 
of liver tissue for this study is its sensitivity to 
waste products. The most important features of 
the pathologic changes were increased bilirubin, 
ALAT and ASAT enzymes activities in the serum. 
During cell injury, because of higher permeability 
of hepatocyte membrane, these enzymes (ALAT 
and ASAT) penetrate the sinusoids and then enter 
the peripheral blood and increase levels of such 
enzymes ?®. In animals, carisoprodol produces 
muscle relaxation by blocking interneuronal 
activity in the descending reticular fibres and 
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spinal cord; however it is unknown if this 
mechanism of action is also present in humans ®®. 
Rapid gastrointestinal absorption results in peak 
carisoprodol plasma concentrations of 4 mg/mL to 
7 mg/mL within 2—4 h and onset of action is 
within 30 min of ingestion. Carisoprodol 
undergoes dealkylation and oxidation in the liver. 
Hydroxymeprobamate, meprobamate and 
hydroxycarisoprodol were the major metabolites 
identified in the blood and urine; trace quantities 
of unchanged carisoprodol were also detected in 
the urine °”*®, 

In the present study, treatment of pregnant 
rats with carisoprodol caused numerous 


Maternal and Fetal Toxicity of Carisoprodol 


degenerative changes in liver tissue of the 
pregnant rats of group S1.These changes included: 
highly congested and dilated central veins and 
blood sinusoids, formation of hemosiderin 
granules and hemolysed blood cells inside the 
hepatic portal veins, highly thickened arterial 
walls in the portal areas, highly distorted portal 
areas, some hepatocytes were vacuolated and 
contained pyknotic or karyolytic nuclei. Also, 
liver tissue of pregnant rats of group S2 showed 
many dystrophic changes. These changes 
included: delaminated endothelial lining of the 
central veins, vacuolated hepatocytes with 
pyknotic nuclei, highly elongated and distorted 
walls of the bile ducts, large hemorrhagic areas 
and numerous fibroblasts in the portal areas. 
Examination of the fetal liver tissue of group S1 
showed highly dilated and congested central veins 
which contained hemolysed blood cells, pyknotic 
nuclei of hepatocytes with numerous necrotic 
area. Completely hemolysed blood cells were 
detected in the highly congested central veins and 
inside the congested sinusoidal spaces with 
hemosiderin granules in between the hepatocytes. 
Highly dilated sinusoidal spaces, which contained 
debris of degenerated blood cells and pyknotic 
nuclei of the megakaryocytes were realized. In the 
second group (S2), liver sections showed 
numerous dystrophic changes. These changes 
included: large and small hemorrhagic areas, 
highly dilated and congested blood vessels, lots of 
megakaryocytes numerous degenerated 
hepatocytes which were replaced by wide necrotic 
areas. The liver tissue was surrounded by large 
edematous area. Chan ° reported that liver 
weights were significantly greater in males 
administered 300 mg/kg of carisoprodol in corn 
oil or greater and in females administered 150 
mg/kg of carisoprodol in corn oil or greater as 
compared to the control group. Also, carisoprodol 
in 0.5% methylcellulose induced increases in 
relative liver weights of males and females mice 
and also induced increases in the incidences of 
centrilobular hypertrophy of hepatocytes in the 
liver of males of all dosed groups and in females 
administered 1,200 or 1,600 mg/kg. This lesion 
was characterized by cells with slightly increased 
amounts of cytoplasm and increased eosinophilic 
staining affinity. The differences in 
histopathology findings between mice treated with 
carisoprodol in corn oil and in 05% 
methylcellulose were probably due to the greater 
availability of carisoprodol administered in 0.5% 
methylcellulose. The previous study also showed 
that carisoprodol treatment clearly increased 
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chromosomal aberrations in cultured Chinese 
hamster ovary cells. The increases in liver weights 
were probably due to induction of cytochrome 
P450 enzymes °°”. The previous changes in 
DNA materials are in agreement with results of 
the present study; since numerous degenerative 
changes were detected in nuclei of fetal and 
maternal liver tissue. 

The results of the present study are 
supported by results of Van der Kleijn ©” who 
showed that the radiolabeled carisoprodol was 
taken up by the central nervous system of mice 
within 40 seconds after intravenous injections of 
it. The injected carisoprodol was distributed 
throughout the body within 10 minutes. The 
highest concentrations were found in the liver, 
myocardium, pituitary gland and adrenal cortex 
followed by the blood, lungs and skeletal muscles. 
Radioactivity was uniformly distributed 
throughout the fetuses of pregnant mice 15 
minutes after the dose was administered. 
Carisoprodol is biotransformed by the cytochrome 
P450 drug metabolizing system in the liver ®®. 
Doses of 200 mg/kg carisoprodol to male Wistar 
rats or 180 mg/kg carisoprodol to Sprague- 
Dawley female rats caused increases in the 
hepatic enzymes of the microsomal NADPH- 
electron transport chain in the male rats, no 
increases in the liver weights were observed “°°”, 
Induction of the microsomal drug metabolizing 
enzymes increased carisoprodol metabolism and 
shortened the duration of paralysis induced by 
carisoprodol; this induction of metabolizing 
enzymes may be related to the development of 
Unetane to carisoprodol with chronic exposure 

Carisoprodol is excreted in breast milk at 
concentrations two to four times that in maternal 
plasma ©®. Additionally, the carisoprodol 
metabolite meprobamate is associated with an 
increased risk of congenital malformations during 
the first trimester of pregnancy °°, These results 
are in agreement with our results since fetal tissue 
of both groups (S1&S2) were highly affected than 
maternal liver tissue. Increased risk of developing 
concentration-dependent side effects even at 
normal therapeutic doses of carisoprodol were 
determined by Dalen et al. ®®. 

In the present study highly increased 
collagen fibres were detected in liver tissue of 
pregnant rats of group S1 and S2 especially in 
walls of the bile ducts, blood vessels, hepatocytes 
and in the distorted portal areas with brightly red 
stained hemorrhagic areas and aggregated RBCs 
in the congested blood sinusoids. Also, highly 
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increased collagen fibres were detected in the 
dilated central veins and sinusoidal spaces and 
also in between the hepatocytes of fetal liver 
tissue of group S1. While, fetal liver tissue of 
group S2 showed highly increased collagen fibres 
inside and outside the blood vessels, in the 
necrotic areas and in the megakaryocytes. Hassan 
et al. °° reported that increased collagen fibres 
may lead to increase the defense reaction against 
toxic materials. According to Guler et al. °” 
increased collagen deposition may be attributed to 
oxidative stress that stimulates the expression of 
genes involved in collagen biosynthesis. Increased 
superoxide anion formation by inhibition of 
superoxide dismutase (antioxidant enzyme) 
stimulates collagen production and this indicated a 
vital role of superoxide dismutase and the 
generated reactive oxygen species in collagen 
accumulation ®®. 

Results of the present study showed 
decreased total protein content in liver tissue of 
pregnant rats of groups S1. Also, reduced total 
protein was detected in liver tissue of group S2, 
but increased staining affinity was realized in 
blood cells inside the congested hepatic portal 
vein and walls of the bile ducts. Also, fetal liver 
tissue of group S1 showed decreased staining 
affinity of total protein content in the hepatocytes, 
hemolysed blood cells inside the central vein, the 
sinusoidal spaces and megakaryocytes in 
comparison with the control group. Liver tissue of 
group S2 showed moderately stained total protein 
in the hepatocytes, but hemolysed blood cells in 
the dilated and congested central vein acquired 
deep staining affinity. Proteins are mainly 
involved in the architecture of the cell ©’. Protein 
is associated with glucose control, insulin 
regulation, muscle building and regulation or 
increased metabolism “”. Al Gahtani “” reported 
that vacoulation and degeneration led to decreased 
protein content in the different tissues. Abuo EI 
Naga and Abd Rabou “) stated that decreased 
protein content may be due to ruptured cellular 
organoids or to decreased polyribosomes. Abdel- 
meguid et al.) stated that the decrease in protein 
could be attributed to the disruption of lysosomal 
membranes under the effects of various toxicants; 
thus leading to the liberation of their hydrolytic 
enzymes in the cytoplasm. Additionally, the 
presence of hydrolytic enzymes may cause lysis 
and dissolution of the target material within the 
cytoplasm. 

In the present study, livers of pregnant 
rats of S1 group exhibited a significant decrease in 
PAS positive materials compared to the control 
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group. Also, highly depleted PAS+ve materials 
were realized in most hepatocytes of the liver 
tissue of group S2 in comparison with the control 
group. Moderately stained PAS+ve materials were 
observed in most hepatocytes of the fetal liver 
tissue of Sland S2 group, increased red blood 
cells inside the congested blood vessels and 
sinusoidal spaces and also in the hemorrhagic 
areas, but increased PAS+ve materials were 
observed in megakaryocytes. The decrease in 
carbohydrate contents in the current work may be 
attributed to increased stress on the organs which 
leading to consuming high energy in attempt to 
light or equalize the pressure exerted upon them. 
It may also be due to the release of hydrolytic 
enzymes from ruptured lysosomes under the 
effects of toxic agents. This opinion is supported 
by the work of Sakr and Okdah “” and Farrag 
and Shalby “. 

The current study recorded a significant 
increase in the amyloid-B deposits in maternal 
liver tissue of S1 group especially in hepatocytes 
of the cortical region, in the delaminated epithelial 
lining of the hepatic portal veins, in the arterial 
walls, in walls of the bile ducts and inside the 
blood vessels. Also, deeply stained amyloid 
deposits were observed in most hepatocytes of the 
portal and central areas, inside the congested 
artery, in walls of the bile ducts and blood vessels 
of the liver tissue of group S2 in comparison with 
the control group. Highly increased staining 
affinity of amyloid protein was observed in most 
hepatocytes, blood cells, necrotic areas and also in 
the hemolysed blood cells of the fetal liver tissue 
of group S1 and S2. Amyloids are insoluble 
fibrous protein aggregates sharing specific 
structural traits. They are insoluble and arise from 
at least 18 inappropriately folded versions of 
proteins and polypeptides present naturally in the 
body “®. These misfolded structures alter their 
proper configuration such that they erroneously 
interact with one another or other cell components 
forming insoluble fibrils. They have been 
associated with the pathology of more than 20 
serious human diseases since abnormal 
accumulation of amyloid fibrils in organs may 
lead to amyloidosis and may play a role in 
various neurodegenerative disorders re 
Kadowaki et al. “® showed that amyloid 
deposition is associated with mitochondrial 
dysfunction and resulting generation of reactive 
oxygen species (ROS), which can initiate a 
signaling pathway leading to apoptosis. 

The current results showed highly 
reduced DNA materials in most nuclei of 
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hepatocytes, in the central and portal areas in the 
liver tissue of pregnant rats of group Sland S2. 
Also, decreased DNA materials were realized in 
most hepatocytes and megakaryocytes of fetal 
liver tissue of group S1 and S2. The decrease in 
both DNA and total protein in the current work 
may be attributed to arrested metabolism or to use 
it to build up new cells or enzymes to reduce the 
stress and also disruption of lysosomal 
membranes under the effect of various toxicants 
leading to liberating of their hydrolytic enzymes 
in the cytoplasm and resulted in marked lysis and 
dissolution of the target materials “”. 
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